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ABSTRACT 

This report presents a comparison of selected statistical wind 

sunmaries compiled from upper air observations made at Patrick AFB, 

Florida. 

matrices is presented. A l s o  a brief outline of how these convariance 

matrices can be utilized in control and trajectory studies is considered. 

A description of how this data was developed into convariance 
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The u l t i r m s t e  objective in designing a missile or space vehicle would 
be to  consider the simultaneous effects of i ts  en";ire flight environment. 
!I!his flight environment is composed of pressure, temperature, density, and 
winds usually random i n  nature, which my be described ir. a statistical form. 
The process for describing this environment should be nonatationasy rather 
tzyrn the stsndard stationary method. Stationary random processes are charac- 
terized by a set of probability functions that are invariant with a cbnge in 
%he time origin. 
t o  be non-stationary. Since the missile or space vehicle changes altitude as 
a function af time, the wind velocity far any time varies as a f'uuction uf 
both tude and time. Bteref'ore, non-stationary r a n d o m  processes should be 
used to  properly describe -the environment. 

When variations w i t h  t i m e  take place, the prucess is said 

Previous e f f o r t s  have considered the effects of w i d  velocities 
se-tely fram wind gusts or turbulence. 
one) proposed a method which utilized non-s%ationary statistical methods 
t o  determine missile structural loads. He demnstra"ced how the effects 
of wind velocity conibined w i t h  turbulence or gusts nrtght be studied 
simultaneously. B e  purpose of this report is *a cornpare the data that 
Mr. Bieber  utilized for a one dimensional input w i t h  the data supplied by 
the &roPb,pics and Geop;tursics Branch. This brawh is pre&hg -r&pi.red 
cross-correlation coefficients i n  order to complete the two dimensional 
wind input &a. Work is also underway preparing the means, sfandard 
deviations, and correbktion cmf'f'icients fo r  stEnospheric density a t  
variou8 geogFaphical locatians. 

11. 

R. E. Bieber (see reference 

llBvx.m- OF m cov- IaTRIx FROM !Em f3xmEmmm CO-CIEIPTS 
A D  DIWIA!PIOXS 

'&e Geophysics and Aero@ysics Branch of' the Aeroballistics Iaboratory 
supplied the data Shawn i n  Bbles 2 and 3. 
developing the w i n d  covariance matrix is shown i n  FQwe 1. 
deviation a t  one altitude for the Hor%h-Suuth (aaeridlod) w h &  i s  multiplied 
by the standard deviation at another altitude and t h f s  product i s  then 
multiplied by the correlation coefficient relating -these! different Nor"&-Soe& 
w i n d s .  
covariance mstrix are obtained. 
Esst-West zonal winds cova,rianee matrix .  

me procedm followed i n  
The standard 

%s cumputation is repeated until all tbe values of %?ze NortBr-South 
!Ibe same procedure is *en repeat& for the 

!&e Northam wind covariaace is *en added to *e %st-West wind 
covariaace to  form a colebi-d 8la.trix. 
nratrix is adbd -the diagonal terms of the Nortb-Soutih to the Eaet-West 
covariance llrrtrix and the diagon~l terms of est-west tci *e ~o~&-south 
covm%ance matrix. 
dimensional matrix. This matrix was utilized as a  ne dimensional input by 
Mr. R. E, Bieber  (reference me). B e  resulting incomplete two dtmensioml 
matrix is symmetrical, consequently only a triangules matrix need be shown. 
'Ihe two dimensional matrix can be completely developed by utilizing the noa- 
diagonal parts of the North-Soutih w i t h  East-West and. -the East-West with 'the 
North-Sou* covariance matrices. 

'Po the diagonal terms of tU.8 conibined 

'Ehe resultant laatrix repreeents an incomplete two 
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&/or turbulence. 
of +aM11P the square root of the covariance mertrix. 

The approach that seems to be the most efficient cansists 

Figure 2 shows the flow of infonartian w h e n  We squazle root of the 
covariance matrix method i s  used t o  develop a s t a t i s t i c a l  fiescrimon of 
the s y s t e m  parareters, Starting with the cavariasce natrix, tbe eigenvalues 
and eigenvectors are detenmined by using ccmventiozd techniques. For every 
eigenvalue there is a set of eztgenvectors, consequently as the size of the 
cowxianee mtrix iacmases the amrunt of work te solve for the eigenvalues 
and eigemecimrs increases. 
root of tihe eigenvalue &hgunal Illatrix i s  then rmrltiplled by the translpose 
of tihe eigenvector mxlzix, The resultant BBtrix is  the quam root of' the 
copariance matrix. 

The eigenvector atxix mul%iplled by tzle square 

'&e cdunms for the sqpxre root of the covariance nratrix are then 
fed h i m  the c0mPLct;er program as dfscrete profiles. 
system para3aeters to each one of these discrete profiles represents a 
column of tIse ( W r  response) matr ix .  when of the profiles 
bve beenrtar by the computer the ~llatrix can be coxpletely aaeerable0. 
matrix is then multiplied by its transpose. 
the response +a the covariance matzix for all the systen parameters. 
square root of the diagonal terms of W s  matrix represents the stan&ard 
deviation from the man for each prrameter as a f m c t i o ~  of altrtude. 
standard deviation from .the mean is nullzlplied by tbe desired nubey of 
siegnas and then added to *e  response to the man value for %he dnds .  
resulfant functions of a l t i t u d e  represerrt szfitistical &scription of -k&e 
control system responBes. 

Ihe response of the 

'ibis 
The resulang matrix repesents 

The 

!&e 

The 

S t r u c t u r a l  bendiag is a func+don of *e output pmmeters of the 
t ra jectory .  "herefore, it is a straightforward mtkr to ut i l i ze  e e s e  
parsmeter values to determine actual s t r u c t u r a l  loa&. 
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3. '2htrix ca;lculua" by E. Bodewig 

4. "Inter- and Intralevel Correlations of W i n d  Components for six 
Geogra@hical Locations" by W, W. Vaughsn, ABMA Tkchnical Report 
to be published. 

16 



Director, Aerobal l fet ics Divieion 



f 

DISTRIBUTIOE: 

H-DIR, O f f i c e  of the  D i r e c t o r ,  MSFC 
A t t c :  D r .  von Braun 

D r .  R e e s  

M-GtX, G u i d a n c e  and C o n t r o l  D i v i s i o n  
A t t n :  Dr. Haeussennam 

Mr- Moore 
?%r. Huff 
Mr. D i g e s u  

M-COW, C o m p u t a t i o r r  D i v i s i o n  
A t t n :  D r .  J3oelzer 

Mr. E u b a n k  
Mr. Mccoxnbs 

M-S&M, Strilct-ures and M e c h a n i c s  D i v i s i o n  
A t t n :  &, Mrazek 

MI. Robert H u n t  

M-A&C,, Age= and C e r t a w  Systems O f f i c e  

M-TEST, T e s t  D i v i s i o n  
A t t n :  D i r e c t o r  

M-LOD, Launch O p e r a t i o n s  D i r e c t o r a t e  
A t t n :  D i r e c t o r  

M - F W ,  Pabr ica t io i  and Asserbly Engineering Division 

M-AERO A e r o b a  Ili s t i c  s D i v i  s ion  
A t t n :  D r ,  Geissler 

A t t n :  D i r e c t o r  

D r .  H o e l k e r  
Mr. Horn 
M r .  D a h !  
Mr. Reed 
D r .  Speer 
Mr. Vaughan (2) 
Mr. B s k e r  
Mr. Jean 
Mr. Bart 
Mr. Golmn 
Mr. B a u e r  
Mr. Stone 
Mrs. C h a n d l e r  
Mr. Hanghey 

M-MS-IP, T e c h n i c a l  D o c m n t s  Unit (8) 

M- PAT 
A t t n :  Mr. J o h  Warden 



-- I.. 

- _  

CI ' ,.--- 

I _ -  . - .  


